A family is reported in which Christmas disease in one member and polycythaemia in another were associated with prolongations of the one-stage prothrombin time of the factor-VII deficiency type.
The use of " mixing procedures " did not reveal any significant mutual correction of the changes in prothrombin time. de Vries, Kettenborg, and van der Pol (1955) described patients in whom serious abnormalities of blood coagulation were associated with slightly prolonged " one-stage " prothrombin times. They state that " generally not sufficient attention has been or is being paid to an apparently slight prolonging of the one-stage prothrombin time in clinical laboratories." Since then, a number of examples of combined clotting abnormalities of this type have been reported. In the cases of Bell and Alton (1955) , Stein and Abrahams (1956) , and Nour-Eldin and Wilkinson (1959) , the serious coagulation abnormality is Christmas disease, while Constandoulakis (1958) describes a family showing true haemophilia also associated with prolonged prothrombin times in some of the members.
In these cases the prolonged prothrombin times have been due to a change in the patients' sera of the "factor-VII deficiency " pattern; the addition of 10% of normal serum rich in factor VII to the patients' plasma restores the prothrombin times to normal; the patients' sera are not so effective as normal sera and plasma in correcting the prolonged prothrombin times of plasmas from patients receiving anticoagulant drugs of the dicoumarol type. Prolongations of the " one-stage " times due to deficiency in factor V and in prothrombin itself have been excluded by the appropriate tests. In these studies, a similar prolongation of the prothrombin time has been noted as an isolated change in the blood of the clinically unaffected relatives of patients with severe bleeding tendencies, some of the latter showing the combined defect. The changes are usually slight, the prothrombin times exceeding those of normal control plasmas by only a few seconds. It appears that the alterations in factor-VII activity are an associated inherited change.
Patients with polycythaemia vera frequently have an increased tendency to bruise or bleed; however, the various blood coagulation investigations often give normal results and there are no constant changes. Bjorkman (1948) found decreased amounts of fibrinogen in the blood of patients with polycythaemia. In addition, his Case 1 showed a prolonged prothrombin time.
The purpose of the present paper is to describe the findings in a family in whom Christmas disease in one member and polycythaemia vera in another were associated with minor prolongations of the prothrombin time. The occurrence of differing blood dyscrasias within this family prompted study of unrelated cases of polycythaemia vera and allied disorders.
Family History
The family tree as far as can be traced is shown in Fig. 1 the activity of prothrombin. The sera were less effective than normal stored sera in correcting the prolonged prothrombin times of plasma from patients receiving the anticoagulant drug phenindione (" dindevan " plasma). Serum from a case of Christmas disease* was as effective as normal serum in correcting the prolonged prothrombin times. The change appeared to be due to an alteration in the "factor-VII activity" of the sera. Thromboplastin generation is abnormal in R.R. The results indicate that the defect is present in his serum, that admixture of his plasma with the plasma of a patient with true haemophilia produced normal thromboplastin generation, and that tests using the patient's serum and serum from a case of Christmas disease showed no mutual correction of the defects. It was concluded that the serious clotting abnormality in R.R. is Christmas disease, and that an associated change in " factor-VII " activity is also present in this boy, his brother and sister, and in Charles S.
Further Investigations
In view of the finding of a slightly prolonged prothrombin time in Charles S., it was decided to study unrelated patients with polycythaemia vera. The prothrombin times, tests of liver function, and fibrinogen estimations were carried out in 10 patients with polycythaemia vera, two patients with erythroleukaemia (P.M. and E.H.), and one patient with chronic marrow failure following polycythaemia (E.S.). The prothrombin times were measured without making any special allowance for variations in the concentration of anticoagulant in their plasma. Many of the patients were under treatment at the time of testing and their packed cell volumes were not markedly increased. The results are shown in Table III . Abnormalities of liver function were noted in seven patients. The zinc turbidity tests were within normal range in all subjects and are not included in the table; the thymol turbidity or flocculation tests, however, were abnormal in several patients. Blood fibrinogen estimations in 12 patients did not show any significantly reduced values.
The one-stage prothrombin times were slightly but definitely prolonged in several patients, and in J.W., J.S., E.H., P.M., and E.S. the blood changes showed the features of "factor-VII " deficiency, as far as was indicated by the addition of 10% normal serum and by the effect of the serum or plasma on the prolonged prothrombin time of *The serum was kindly supplied by Dr. Rosemary Biggs. Bell and Alton (1955) and Constandoulakis (1958) show similar variation in the one-stage prothrombin time. Although combined coagulation deficiencies are uncommon, a change in factor-VII activity has been most often noted in association with Christmas disease, itself of much lower incidence than classical haemophilia. The association may prove to be more frequent than can be accounted for by the chance association of separate inherited coagulation disorders. A further feature is that the changes in prothrombin time in these familial examples have been slight, and near the limits of normal variability. Ingram and Armitage (1959) have investigated the normal range of Quick's prothrombin time determinations and found the differences in prothrombin times of normal persons to be greater than can be accounted for by the experimental errors of the method. The causes of this variability and their possible relationship to minor changes of the factor-VII deficiency type are not yet fully explained.
The serum factors concerned in blood coagulation are complex, and their classification and interrelationships are uncertain. Apart from Christmas factor, several members with factor-VII-like activity have been distinguished; these include the Prower-Stuart factor (Telfer, Denson, and Wright, 1956 ), the factor deficient in cases of congenital factor-VII deficiency (Owren, 1952; Dische, 1958) , and a further thromboplastin-forming substance, C (Biggs, 1956) . These members of the complex have been intensively studied by using " mixing procedures ": Bachmann, Duckert, Geiger, Baer, and Koller (1957) It is well recognized that minor prolongations of the prothrombin time, sometimes of the factor-VII deficiency pattern, are found in patients with malabsorption states or severe liver disease. The significance of the finding in the present cases of polycythaemia vera is uncertain. In the five patients investigated, the prolonged prothrombin time appeared to be due to a change in factor-VII activity.
Abnormalities of liver function tests were noted in some of the patients. The biochemical findings and the inability of vitamin K1 to alter the prothrombin time in two of the patients suggests that the changes in prothrombin time may be an index of hepatic dysfunction recognized to be a not infrequent feature of polycythaemia vera (Tinney, Hall, and Giffin, 1943) . As far as is indicated by the mixing procedures employed, no significant differences were noted between the changes in factor-VII activity of the blood of the members of the family studied and those observed in the patients with polycythaemia vera, or related disorders.
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